ABSTRACT. Streptococcus is a diverse bacterial lineage. Species of this genus occupy a myriad of environments inside humans and other animals. Despite the elucidation of several of these habitats, many remain to be identified. Here, we explore a methodological approach to reveal unknown bacterial environments. Specifically, we inferred the phylogeny of the Mitis group by analyzing the sequences of eight genes. In addition, information regarding habitat use of species belonging to this group was obtained from the scientific literature. The oral cavity emerged as a potential, previously unknown, environment of Streptococcus massiliensis. This phylogenybased prediction was confirmed by species-specific polymerase chain reaction (PCR) amplification. We propose employing a similar approach, i.e., use of bibliographic data and molecular phylogenetics as predictive methods, and species-specific PCR as confirmation, in order to reveal other unknown habitats in further bacterial taxa.
INTRODUCTION
The genus Streptococcus is a diverse lineage consisting of gram-positive, spherical, catalase-negative organisms, including many facultative anaerobes (Montes and García-Arenzana, 2007) . This group inhabits a broad range of environments, not only as pathogens, but also as part of the normal microbiome of humans and other animals.
Based on 16S rRNA gene phylogenies, this genus has been separated into six species groups (Kawamura et al., 1995) . Among them, the Mitis group comprises diverse species of significant clinical importance, including Streptococcus pneumoniae and S. sanguinis, the pathogens responsible for pneumonia and endocarditis, respectively. Current opinion suggests that this group contains at least 17 species (Kawamura et al., 1995) . Recently, S. massiliensis, a new species discovered in a sample of human blood, was added (Glazunova et al., 2006 ).
In the current study, we analyzed the Mitis group phylogeny and, in combination with published data of known sample origins, used this information to infer unknown habitats. Finally, we tested for the presence of S. massiliensis in human mouths, since our preliminary phylogenetic analysis suggested the oral cavity as a previously unidentified habitat for this species.
MATERIAL AND METHODS

Phylogenetic analyses
Sequences of the following genes were retrieved from GenBank and used to infer the Mitis group phylogeny: superoxide dismutase (sodA; Poyart et al., 2002; Whatmore and Whiley, 2002) , elongation factor Tu, RNA polymerase subunit β (tuf and rpoB, respectively; Simmon et al., 2008) , 16S rRNA (Kawamura et al., 1995) , RNase P subunit β (rnpB; Täpp et al., 2003) , heat shock protein 40, DNA gyrase subunit B (dnaJ and gyrB, respectively; Itoh et al., 2006) , and recombination protein N (recN; Glazunova et al., 2010;  Table 1 ). The 17 species composing the Mitis group (Kawamura et al., 1995 (Kawamura et al., , 1999 Glazunova et al., 2006; Boggs et al., 2012) were included in our analyses. Their close phylogenetic relationship was corroborated in a new analysis using concatenated fragments of recN and gyrB genes (data not shown). Two outgroups belonging to the genus Lactococcus were used, namely L. lactis subsp lactis and L. lactis subsp cremoris.
Sequences were aligned using BioEdit version 7.0.9.0 (Hall, 1999) and alignments were checked and re-edited by eye. Nucleotide sequences were concatenated into a single supermatrix. Missing data were coded as such and incorporated into subsequent analyses. This "supermatrix" strategy has been shown to perform better than strategies involving the elimination of data or the use of non-concatenated matrices, particularly when Bayesian methods are used for phylogenetic inference (Wiens and Moen, 2008) . Molecular evolution models for nucleotide sequences were selected using the Akaike information criterion test, as implemented in the programs Modeltest (Posada and Crandall, 1998) and MrModeltest (Nylander, 2004) . Bayesian inference was performed on the supermatrix using MrBayes version 3.0b4, specifying 4,000,000 generations and four independent chains.
Subsequently, known habitats for each of the 17 species were identified by searching the literature (Table 2 ) and the information gathered was mapped onto the phylogenetic tree.
Samples
Saliva was collected from 29 volunteers. All participants signed an informed consent form, which prevents use of the data collected for purposes other than this research, and protects their confidentiality. This document was reviewed and approved by the Ethics Committee for Research in Social Science and Humanities (CEDEA) of the Faculty of Philosophy at the University of Chile. Two or three DNA extractions were carried out for each sample of saliva (Quinque et al., 2006) .
Polymerase chain reaction (PCR)
Primers used to amplify a fragment of the recN gene were designed using Primer3 Input (Untergrasser et al., 2012) Primer sequences and their respective melting temperatures were as follows: MassiF, 5'-CGA CTT GGA CGC GAT TAG CG-3', 56.27°C; and MassiR, 5'-TAC CTG CTC ATT GCC CTC GCG GTT-3', 62.53°C. The amplified sequence fragment comprised nucleotide positions 634 to 1111 of the recN gene.
In order to determinate the optimal annealing temperature for amplification, a thermal gradient PCR was performed, ranging from 55° to 65°C in 12 intervals over 35 cycles, using two replicates per sample and a negative control for each temperature.
Seven successfully amplified products were submitted for direct sequencing to Macrogen Inc. (Seoul, Korea). BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) searches were performed in order to confirm the species-specific amplification expected from the primer design.
RESULTS
Phylogenetic analysis
Bayesian analysis resulted in a tree with high posterior probabilities for the majority of its internal nodes (Figure 1) . Two well-defined subclades, namely the Mitis and Gordonii groups, are shown. Mapping of habitats onto the phylogeny revealed that the majority of the species under investigation inhabit the oral cavity. The species of particular interest in this study, S. massiliensis, was found to be basal to the subclade [(S. constellatus, S. intermedius), S. anginosus]. 16S rRNA, rnpB, rpoB, dnaJ, gyrB, sodA, tuf, and recN) . Seventeen Streptococcus species were included, along with two Lactococcus species as outgroups. In addition, the habitat occupied by each species was mapped onto the tree according to information obtained from the literature. The general time-reversible + gamma + invariant sites nucleotide substitution model was used.
PCR
PCR was carried out on several samples using various numbers of cycles, as shown in Table 4 . Optimal results were achieved with 40 cycles and an annealing temperature of 64.7°C.
DNA sequencing and analysis
As shown in Figure 2 , no differences were detected between the seven sequences obtained and the reference sequence (GenBank accession No. EU917311.1), indicating that the amplicons derived from S. massiliensis. Table 4 . Results of polymerase chain reaction amplifications using different numbers of cycles. 
DISCUSSION
In the present study, we demonstrated that S. massiliensis, a Streptococcus species recently discovered in human blood, is a regular inhabitant of the human oral cavity, as predicted from habitatuse data and a phylogeny of the Mitis species group. Similar approaches could be employed to reveal unknown habitats occupied by other lineages of bacteria and Streptococcus species.
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